BACKGROUND: To our knowledge, no previous study has examined state-level geographic variability and its predictors in clinical practice patterns to screen for prostate cancer in the United States. METHODS: We used the Behavioral Risk Factor Surveillance System 2010 data set to analyze geographic variability (by state) and its associated predictors in receiving a PSA test and/or a digital rectal examination (DRE). The study population consisted of men aged X50 years who responded as yes/no when asked about having a PSA test or DRE performed during the last year. We build two multilevel logistic regression models, differing in dependent variables, that is, (1) any prostate cancer screening (PCS) (either PSA and/or DRE), and (2) PCS based on PSA testing (PSAT). Individual characteristics (age, education, employment, marriage, income, race/ethnicity, self-reported health status, obesity, alcohol consumption, smoking status, personal physician presence, and health insurance coverage) were treated as level-1 variables and state characteristics (number of doctors per 100 000 persons per state, US regions and metropolitan statistical area (MSA) codes) were treated as level-2 variables. RESULTS: We found significant geographic variability in receiving PCS and PSAT screening in the United States. For PCS, MSA code was an independent predictor, with men living in urban areas having lower odds of screening (odds ratio (OR) ¼ 0.8, 95% confidence interval (CI) ¼ 0.7-0.9). In PSAT, the number of doctors per 100 000 persons per state was an independent predictor, with lowest quartile states (0-25% quartile) having lower odds of PSA-based screening (OR ¼ 0.78, 95% CI ¼ 063-0.94). In both models, all level-1 variables were independent predictors (Po0.05) of PCS, except self-reported health status. CONCLUSIONS: Men living in urban areas and states with lower prevalence of doctors have lower odds of screening for prostate cancer and PSAT, respectively, after adjusting for individual variables. Future studies should examine the reasons for these health disparities.
INTRODUCTION
Prostate cancer is the second leading cause of cancer related death among men in the United States, with an estimate of 28 170 deaths during 2012. 1 Approximately 2.3 million men had a history of prostate cancer in the United States in 2008. 2 Prostate cancer occurs mainly in older men, with more than one-third of cases diagnosed in men aged 65 years or older. 3 The economic burden of prostate cancer is substantial with the total spending of $9.86 billion on its related care during 2006 in the United States. These costs included average annual costs per patient of $10 612 in the initial phase after diagnosis, $2 134 for continuing care and $33 691 in the last year of life. 4 These statistics show that prostate cancer is a significant public health problem in the United States.
PSA test and digital rectal examination (DRE) are two common methods to screen for prostate cancer. The effectiveness of PSA testing (PSAT) is currently debatable. [5] [6] [7] One large clinical trial reported no benefit in prostate cancer related mortality from combined screening with the PSA test and DRE during a median follow-up of 13 years. 8 Whereas, another large clinical trial reported that the PSA test alone was associated with a 21% relative reduction in the death rate from prostate cancer at a median follow-up of 11 years. 9 Nonetheless, 475% of people aged 50 years or more get screened for prostate cancer at least once during their lifetime. 10 Interestingly, 87% of male physicians aged 50 years or above also reported having had a PSA test. 11 Although the effectiveness of PSA test is controversial, both the PSA test and DRE are widely used to screen for prostate cancer in the United States.
Previous studies have found evidence of significant geographic variability and health disparities in clinical practice patterns for many cancer preventive services in the United States. For example, one such study found that, after adjusting for individuallevel sociodemographic characteristics, area level poverty rate is independently associated with never having had a mammogram (odds ratio (OR) ¼ 1.28, 95% confidence interval (CI) ¼ 1.03-1.37), clinical breast examination (OR ¼ 1.28, 95% CI ¼ 1.11-1.48), colonoscopy/sigmoidoscopy (OR ¼ 1.10, 95% CI ¼ 1.01-1. 19 ) and a fecal occult blood test (OR ¼ 1.19, 95% CI ¼ 1.12-1.27). 12 Other studies with similar findings have been published as well. 13, 14 However, to our knowledge, no previous study has examined the state-level health disparities in screening for prostate cancer (PSA and/or DRE based) in the United States. Exclusion of such significant geographic variability from the analysis can lead to atomistic fallacy, that is, false inferences about groups (for example, US population) from the individual-level data (for example, people residing in different states of the United States). 15 The purpose of this study is to examine the state-level health disparities and its associated predictors in clinical practice patterns for utilization of prostate cancer screening (PCS) services (PSA test and/or DRE) in the United States, after adjusting for the individuals' sociodemographic characteristics through the multilevel modeling approach. These sociodemographics are age, education, marital status, employment status, smoking status, health insurance coverage, presence of personal physician, self-reported health status, alcohol drinking, income level, body mass index (BMI) and race/ethnicity.
MATERIALS AND METHODS

Research design and study population
This study is a quasi-experimental cross-sectional analysis utilizing the 2010 Behavioral Risk Factor Surveillance System (BRFSS) data set. BRFSS is an annual telephonic survey conducted by the Centers for Disease Control and Prevention, ongoing since 1984 in all the 50 states of the United States, the District of Columbia and the three territories of Puerto Rico, the US Virgin Islands and Guam. 16 BRFSS data is representative of the national noninstitutionalized US adult population. The design, methodology, validity and reliability of the BRFSS are ascertained by many studies. [17] [18] [19] Eligible population comprised of men aged 50 years or more, as per the PCS recommendations of the American Cancer Society. 20 Study population was limited to men whose responses were recorded as either yes or no when asked about having a PSA test or DRE during the last 1 year. Based on the residential status recorded during the BRFSS survey, each individual was assigned to one of the 50 states of the United States, the District of Columbia or the three territories of Puerto Rico, the US Virgin Islands and Guam.
Measurement and steps
Individual-level variables. Individuals residing within each state were treated as level-1 units. The following variables were examined for being predictors of receiving PCS: age, education level, employment status, marital status, income, race/ethnicity, self-reported health status, obesity status, alcohol consumption, smoking status presence of a personal physician and health insurance coverage. All of these were determined and categorized a priori, based on a PubMed literature search. [21] [22] [23] [24] [25] Age was grouped into 50-59, 60-69, 70-79 and 80 or above years. Education was categorized as not graduated from high school, high-school graduate and some college or more. Employment status was classified as currently employed, currently unemployed, student/homemaker/unable to work and retired. Marital status was categorized as currently married, divorced/ widowed/separated and never married. Annual income was grouped into less than $25 000, $25 000-$49 999, 50 000-$75 000 and more than $75 000. Race/ethnicity was categorized into Whites, African-American, Hispanics and others. Self-reported health status was dichotomized by combining excellent/very good/good and fair/poor. Obesity status was divided into the following based on the BMI: neither obese nor overweight (BMIo25), overweight (BMI: [25] [26] [27] [28] [29] [30] and obese (BMI430). Alcohol consumption was defined as nondrinkers (no drink within last 1 month), light drinkers (one drink per day during last 1 month) and heavy drinkers (two or more drinks per day during last 1 month). Smoking status was defined as nonsmokers (o100 cigarettes during lifetime and not regularly smoking during last year), previous smokers (4100 cigarettes during lifetime and not regularly smoking during last year) and current smokers (4100 cigarettes during lifetime with regular smoking during last year). Presence of a personal physician and health insurance coverage were treated as dichotomous variables (yes or no).
Aggregate level variables (geographic, physicians' availability, metropolitan area). Fifty states of the United States, the District of Columbia and the three territories of Puerto Rico, the US Virgin Islands and Guam were treated as level-2 units. Predictors examined at level-2 are numbers of doctors per 100 000 persons in each state, number of urologists per 100 000 persons in each state, Census Bureau regions (that is, Northeast, Midwest, South and West) 26 and metropolitan statistical area (MSA) codes. Data for the prevalence of doctors were obtained from the 2007 Census Bureau estimates. 27 Data for number of urologists per 100 000 persons in each state was obtained from the area resource files of the Health Resources and Services and Administration, Department of Health and Human Services. 28 Data for Census Bureau Regions and MSA codes were obtained from the BRFSS 2010 data set. Based on the distribution (percentiles) of the doctors per 100 000 persons in each state, the prevalence of doctors per state was divided it into the following categories: less than 220.6 doctors per 100 000 population (0-25%; first quartile), between 220.6 and 274.9 doctors per 100 000 population (26-75%; second and third quartile), and 4274.9 doctors per 100 000 population (76-100%; fourth quartile). Similarly, based on the distribution (percentiles) of the urologists per 100 000 persons in each state, the prevalence of urologists per state was divided into: less than 27.4 urologists per 100 000 population (0-25%; first quartile), between 27.4 and 35.3 urologists per 100 000 population (26-75%; second and third quartile), and 435.3 urologists per 100 000 population (26-75%; second and third quartile). MSA codes were included as recorded in the BRFSS, that is, a categorical variable with five classes: in the center city of an MSA, outside the center city of an MSA but inside the county containing the center city, inside a suburban county of the MSA, in an MSA that has no center city and not in an MSA. These are categorized as per the Centers for Disease Control and Prevention classification of the MSA codes.
Statistical analysis
Multilevel models are appropriate when predictor variables are measured simultaneously at different levels. 15 We used two-level (multilevel) logistic regression models to analyze the influence of aggregate data and individual data on receiving any type of PCS in the last year, dependent variable, with individuals (level-1) residing within the states (level-2). The build-up approach was used to build the final models, starting with the intercept-only models. 15 Two separate models were built, differing in the dependent variables: (1) PCS consisting of PSA, DRE or both (that is, PCS) and (2) screening that included PSAT. Dependent variables were treated as binary variables (yes/no screening) in both of the above models.
In the first step, an intercept-only model was used to test the influence of state on receiving PCS. For this purpose, the null hypothesis of variance of the random intercept being zero was tested using the likelihood ratio test, or deviance difference, of the model without random effects and without parameters and the random intercept multilevel model with one parameter and the random intercept. Under the null hypothesis, the distribution of this statistic of the deviance difference can be approximated by the w 2 -distribution with 1 degree of freedom. 15 In the second step, individual data significantly associated (Po0.05) with the dependent variable were added. Next, significantly associated (Po0.05) aggregate variables were added, that is, number of doctors per 100 000 persons in each state, Census Bureau regions and MSA code. All of the level-1 individual variables were tested for random slopes. Cross-level interactions were also examined.
Intraclass correlation coefficients (ICCs) and proportional change in variance were estimated for both PCS and PSAT models. ICC is the measure of proportion of total variance in the outcome (that is, screening for prostate cancer) that is attributable to level-2 (that is, the state-level) in a two-level model. 29 ICCs were calculated using the linear threshold model method. [30] [31] [32] [33] Proportional change in variance is the estimate of the proportion of total variance that is attributable to the added predictors in the model. In other words, proportional change in variance may be interpreted as the amount of variance 'explained' by addition of predictors to the model. 29, 33 All statistical analyses were conducted in SAS 9.2 (Cary, NC, USA).
RESULTS
Sociodemographic characteristics
The median response rate for the 2010 BRFSS survey was 54.60% (range ¼ 39.05-68.78%), Appendix 1. Nonetheless, selection bias is not a substantial problem in the 2010 BRFSS data set based on the differences between BRFSS and US population data with respect to sex, age and race/ethnicity by state. 34 Table 1 displays the individual (level-1) descriptive statistics of the study population.
Geographic variability in screening for prostate cancer V Garg et al Geographic distribution of men by states is displayed in Appendix 2a and 2b. A total of 108 245 individuals were included in the study of which 92% received PCS during the last year. Further, 81.2% of the men aged 50 or above received PSA test during the last year. In comparison with men that did not receive screening, men who received screening were of older age (mean age ¼ 60.45 ± 10 vs 65.5 ± 10, Po0.01), whites (85.2%), attended some college or more (63.6%), currently married (66.7%), covered by at least some health insurance (94.2%), had at least one personal physician (92.1%), and had self-reported health status of good or above (77.1%). Table 2 displays the aggregate (level-2) variables of the study population. The majority of men that received PCS lived in MSA with or without center city (65.1%) and in states with the number of doctors ranging from 220.6 to 274.9 doctors per 100 000 persons. In the bivariate analysis, all of the examined level-1 and level-2 sociodemographics were significantly different (Po0.01) between men who did and did not receive PCS during the last year.
Multilevel logistic regression analysis
The convergence criteria were satisfied in the both of the final models. 30 We found significant state-level geographic variability (Po0.0001) in utilization of PCS (variance ¼ 0.129, s.e. ¼ 0.028), as well as PSAT (variance ¼ 0.033, s.e. ¼ 0.008) in the United States. ICCs were 3.80% and 1.00% for PCS and PSAT models, respectively. Proportional change in variances was 48.06% and 41.07% for PCS and PSAT models, respectively. For PCS, all individual variables were independent predictors (Po0.05), except self-reported health status (Table 3) . When aggregate variables were added (level-2), MSA code was found to be an independent predictor of PCS. We found that in comparison with men not living in an MSA, men living in the city center of an MSA or outside the city center of an MSA but inside the county containing the center have lower odds to screen for prostate cancer, that is, OR ¼ 0.82, 95% CI ¼ 0.76-0.90 and OR ¼ 0.86, 95% CI ¼ 0.78-0.95, respectively. No significant cross-level interactions were found in this model.
For PSAT, all individual variables were independent predictors (Po0.05), except self-reported health status (Table 4) . When aggregate variables were added (level-2), we found the number of doctors per 100 000 persons by state to be a significant level-2 Table 5 lists the types of association between PCS and its predictors as found in the multivariate analysis.
DISCUSSION
The main findings of this study are that after adjusting for individual characteristics there are health disparities at the statelevel in PCS and PSAT in the United States, Po0.0001. We also found MSA code and the number of doctors per 100 000 persons per state being independent predictors of variations in PCS and PSAT, respectively. In total, the added predictors (individual and aggregate) explained 48.06% and 41.07% of the total variances in PCS and PSAT, respectively. Although we acknowledge the limitations associated with the use and interpretation of ICC in multilevel logistic regression models, we found ICCs for PCS and PSAT to be 3.8% and 1.0%, respectively. 30 Further, our findings for the individual-level predictors are in congruence with previous literature reports on sociodemographic predictors of PCS. [21] [22] [23] [24] [25] The current study is also important from the methodological context as it accounts for (1) clustering of data between individuals residing in the same geographic locations and (2) violation of logistic regression assumption of independence of observations due to the presence of within group (that is, state) variability because of nested data structure.
Andersen model of health services utilization PCS services in the United States can be explained based on the Andersen model of health services utilization (Figure 1) . 35 The Andersen model argues that the use of health services, such as PCS, is a function predisposing, enabling and need characteristics of individuals. The predisposing component is based on the idea that some individuals have greater tendencies to use health care services than others and these tendencies can be predicted through demographics, social structures and health beliefs. The Geographic variability in screening for prostate cancer V Garg et al enabling factors center on the idea that although people may be predisposed to use health services, means of obtaining these services are also required. The need factors constitute the most immediate cause of health services use and have two dimensions:
(1) amount of illness that an individual perceives to exist, and (2) professionally evaluated need to use health services. In our analyses, each individual-level variable was an independent predictor of screening for prostate cancer, as per the theoretical framework of the Andersen model. One exception was selfreported health status, which was not significantly associated with screening for prostate cancer in the multivariate analysis. We note that the Andersen model does not directly capture the influence of physician's perceptions on PCS. However, such effects can be reflected indirectly in utilization of PCS through the existing structure of the model, that is, predisposing, enabling and need characteristics. For example, physicians may impact the utilization of PCS by influencing the need of individuals through patient-provider communication.
Urban men have lower odds to screen for prostate cancer In PCS, we found that people who live in urban areas have significantly (Po0.05) lower odds of screening for prostate cancer (Table 3 ). Higher probabilities of screening for prostate cancer among the rural population indicate its potential overuse in the rural population. However, current evidence on this is limited and further work is required to test this hypothesis. Future studies should examine drivers of these regional disparities in screening for prostate cancer. One such driver can be the differences in value clarification and risk communication in patient-provider relationships between the rural and urban populations. Future studies should also focus on exploring the health disparities in receiving PCS at other levels, such as cities and counties.
State-level prevalence of physicians is a predictor of utilization of PCS State-level availability of physicians was found to be an independent aggregate level predictor of PSA-based screening, after adjusting for individual-level predictors. In particular, we found men living in states with the lowest quartile of doctors (o220.6 per 100 000 persons) have lower odds (OR ¼ 0.78, 95% CI ¼ 0.63-0.94) of PSAT in comparison with men living in states Geographic variability in screening for prostate cancer V Garg et al with the highest quartile of doctors (4274.9 per 100 000 persons). Notably, this was in addition to the presence of a personal physician being an individual-level independent predictor of receiving PSA-based screening (OR ¼ 3.26, 95% CI ¼ 3. 26-3.70 ). These results demonstrate health care system barriers in receiving PSA-based screening. Examples of health care system barriers are organizational factors such as the length of consultation and treatment, consultancy appointment and waiting time, and acquisition of a referral system.
36,37
Requirement of risk-benefit assessment of PSA-based screening The best practice evidence available on PSA-based screening for prostate cancer suggest that no substantial benefit is associated with using this procedure to screen for prostate cancer. Based on a review undertaken by the Agency for Healthcare Research and Quality, the US Preventive Services Task Force concluded that for every 1000 men screened for prostate cancer, less than one man will benefit while 43 men face serious harm during treatment. Harm includes incontinence, erectile dysfunction, cardiovascular events and life-threatening blood clots. 38 Therefore, in a recent report (July 2012), the US Preventive Services Task Force recommended against the use of PSA-based screening in men, regardless of age, that is, a grade D recommendation. 38 The American Cancer Society also recommends that patients make informed decisions about whether to undergo PCS after discussion with their doctors and by considering their own views on the benefits and side effects of the screening. 39 We found that the majority of men aged 50 or more (82.2%) received PSA-based screening in the United States during the last year. In particular, men with high socioeconomic status were found to have higher odds of screening for prostate cancer, as suggested by indicator variables such as education level, annual income and employment status. However, we found substantially higher rates of PSA-based screening in comparison with the previous literature, which may be due to the exclusion of those men that did not respond yes or no when asked about having had a PSA test or a DRE during the last year. Nonetheless, future research is required for risk-benefit assessment of PSA-based screening on such a large scale.
Comparison with previous literature Previous studies have found evidence of significant health disparities at the level-2 in clinical practice patterns in many different areas of prostate cancer related health care delivery in the United States. [40] [41] [42] Although none of these studies focused on screening for prostate cancer, the findings from these studies add to the validity of our results. Li et al. 40 found that the higher level of neighborhood deprivation is associated with increased prostate cancer mortality, after adjusting for individual-level factors. Xiao et al. 41 investigated racial differences in prostate cancer incidence, stage and grade in Florida using individual, community and environmental data. They found a significant association between late cancer stage, low median income and low percentage of people with some college education at the community level. Nambudiri et al. 42 used the Veterans Affairs population to analyze the variations in prostate cancer treatment across different facilities (an aggregate variable) and concluded that the prostate cancer treatment varies substantially across different facilities.
Study limitations Several important limitations should be considered in our study. First, the median response rate for the 2010 BRFSS survey was 54.60% (range ¼ 39.05-68.78%). Therefore, the results of this study are prone to nonresponse bias. Second, the BRFSS respondents are limited to only those households that have landline telephones, thus our findings are not generalizable to certain populations. Third, as the BRFSS survey interviews are conducted in English or Spanish, people that do not speak either of these languages could be under-represented in the data. Fourth, Geographic variability in screening for prostate cancer V Garg et al like any observational study, our findings are susceptible to the residual confounding. Fifth, as discussed earlier, we found substantially higher rates of PCS (that is, PSAT and DRE) in our study. Therefore, our results may overestimate screening rates and should be interpreted with caution.
In conclusion, we found significant health disparities, at the state-level and individual-level, in clinical practice patterns of PCS in the United States. Men living in urban areas were found to have lower odds of overall PCS (with a PSA test and/or a DRE) in comparison with people living in rural areas of the United States (PCS). Men living in states with lower state-level availability of physicians were found to have lower odds of PSA-based screening. Future studies are required to quantify participation-levels of patients in decision-making for PSA-based screening and to examine potential health disparities at other levels such as cities and counties in the United States, as well as treatment outcomes associated with positive PCS. Geographic variability in screening for prostate cancer V Garg et al
